














































(c) h 2?t 0?????????????????????????????????????????????????????????????
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1979, Imai, 1984, ??, 1963)???(1985)????? CH ??????????????
??????????????????????????
???????????????????????????????CH?CL???(Lee

































































































































tChH s logloglog 1 ? ? ? ?? ? ? ? ? ? ???????
sCthH 1 ? ? ? ?? ? ? ? ? ? ? ? ? ??????
????h1??????????? t=1(min)???????? H ??????







C ts ? ? ? ? ?? ? ? ? ? ? ? ? ??????
???? 0tH ?????????? 0t ???????? 0t ????????????????
??
?????????????????????????????(??????????



































??? f?????e?????H????????Ms???????s ????????f ?
?????? rw ???????????
????? ????~ ??????(???1985)
????????? H ??????? Hs ?????????????????????
????????????????????????????????????????




H ? Hs????????????????????????????????? H ???
? Hs??????????????????????logH ~ logHs ??????????
???????
2log)log(log hHCH sk ? ? ? ?? ? ? ? ? ? ??????
2hHH k
C
s ? ? ? ?? ? ? ? ? ? ? ? ? ???????
??? ?Ck???????? t ???? t0 ????? t100 ????????h2??????
?? t ?????????? Hs=1 ??????
t0 ?? t100 ???????????????????????????????????
?????????t0 ????? H ???? Hs ????????? Ck(t0)? t100 ????
Ck(t100)?????????????????????? H ????????t0 ?????























??????H?????????Hs?????????????????Ck ? 1.0 ?????
??????????????????????????????????????H???
??????Hs????????????????????????Ck ? 1.0 ???????
????????????????????????????????????????
??????????????????????? Ck=1.0 ??????????????
?????????????????????? Hs ?????????? t0??????
???????????????Hs=1cm ????????????????????? t0
????????????????????????????????????????
???????????????? t0 ?? logH ~ logHs????????Hs=1cm, H=h2(t0)






















?????????t'0 ???????? 0tH ??????????????????t'0
???? h2(t'0)??t0 ???? h2(t0)????????????????????????
????
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???????????????????? t'0 ????????? t100 ???? 2 ??
logH ~ logHs???????????????????s???????f????????
???????? H0???????????????????????????????
?????????????? Hss????? t'0?t100 ?????? H't0?Ht100 ?????
????????????????????????????????????????
??????????















???? ????????? ????? ???
???????????
??????? ????
1 38.8 NP 2.650 88 ML 
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600 900 1200 
200 Case 1-1-1 Case 1-1-2 Case 1-1-3 
100 Case 3-1-1 Case 3-1-2 Case 3-1-3 













? ? ? ? ? ? ? ? ? ? ? ? ????????
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?????? ????? ????? ?????????
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41083.1052.0 wv ? ? ? ???????????????????????
0
































































t0:Starting point for 
    self-weight consolidation
?????? ????? ????? ?????????????????
21 
1 10 100 1000
10
100 t0:Starting point for 




















?????? ????? ????? ?????????????????





50 t0:Starting point for 




















?????? ????? ???? ?????????????????
?????? Cs ???????????????????????????????????
??????????????????? ???????? Cs ??????????????
?????????????????????????????????????? Cs?
??????????????????????????????????? ????????




41010.3 wCs ? ? ? ????? ?????? ??? ????????
81.2sC ? ? ? ? ? ? ? ? ??? ?????? ??? ????????
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?????? ????????t0????? H ? Hs?????? ???
????? Ck? h2???
???????
600 900 1200 
Ck 0.78 0.74 0.74 
h2 9.0 8.3 7.5 
















































??????????????????????? ????? ??? ???? ????????
?????????????????????????????????????????????
????????????????????????????????????? ?????????
???????????????? ????? ??????????????? ??? ????
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Water content (%)
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Water content (%)
 600%   
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Water content (%)
 600%   




















?????????????? ???? ????????? ???????????????
???????? ???? ????(Lee ?, 2013)??
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????? ?????????








???3 2.670 40 























????????????????????????????? ??????? ??? ???
????????????????????????????????????????????????




















































150 Case 2-2 Case 2-3 
100 Case 3-2 Case 3-3 
50 Case 4-2 Case 4-3 
???????????????????????????????????????
?????????????? ????????????????????????????
???? ???????????????????? ????? ????????????????????











????????? ? ??????????????????? ? ????? ? ????
????????????????????????????????????????
?????????????????????












  200cm 
  150cm
  100cm































  200cm 
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  100cm



















































)  Sample No.1
 Sample No.2
 Sample No.3
?????? ????? 75?m ????????????
???????????????????????????? ? ??? ? ??????
?????????????????????????????????????? ? ?
?????????????????????? ??????? v=0.50~0.55cm/min ??
??????? ??????? v=0.25~0.27cm/min ?????????????????
????? 700??????? ???????????? v=0.076cm/min ???????
????????? ? ?????? ? ??????? 1600%???????????? ?
?????? ? ??????? 1100%?????????????????? ? ??? ?
?????????????????????????????????????????




























Pouring water content w0 ( %)
?????? ????????????









t0:Starting point for 
    self-weight consolidation
t0t0t0
  200cm 
  150cm
  100cm























t0:Starting point for 























?????? Cs? 75?m ????????????????????? ???? ???
????Cs???????????????????? ? ? Cs ? 0.191~0.217cm/min ?
????? ?? Cs? 0.192~0.220cm/min ?????????????(????)????
???? ? ? Cs???????? 700??????? ? ? Cs? 0.217cm/min ?????






















?????? ???????Cs?? 75?m ?????????????
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(d) ??????????????
???????? ? ? ? ???? t0???????H?????????Hs???????
????Ck??? ? ?? ???????? ? ?? ????? ?????h2??? ? ?? ???????
? ? ???? ??????? ? ??? ? ????????????????????????
??????? h2????????????????????????????? ?? h2
????? ? ????????????????????????? ? ??? ? ????
????????????????????????????????????????
???????? ? ????? ? ?????????????????????????
????????????? ? ????? ? ????????????????????


























?????? Ht0? Hs?????? ?????
?????? H't0? Hs ??????????????????? ??????????
?????? ???? ?????????? ????????????? H't0? Hs?????
? ? ??????? ????? ????? H't0? Hs????????????????????
????????????????????????????????? ? ??????
? ??????????????????????? ? ???? H't0? Hs??????? ? ?












 Sample No.1 (600%)
 Sample No.1 (900%)























???? 75?m ????????????????????????????75?m ??
?????????????????????????????????????75?m
????????????????????????????????????????









2 20 3650 
Case 1-2 Case 2-2 Case 3-2 Case 4-2 
2.03 1.52 1.02 0.51 
3 40 1806 
Case 1-3 Case 2-3 Case 3-3 Case 4-3 
4.06 3.05 2.03 1.02 
35 
?????? Ht0? 75?m ???????????????? Hs??????????
h2??? ??? ???????? ??? ????? ??????????????????????




























????????? ???????????????? ?????????? ????????
? ?????? ????????????? ? ???? ?????????????????? ? ?
??????????????????????? ?????? ????? H't0? Hs??
???? ? ???????????????????????????????????









 Sample No.1 (600%)
 Sample No.1 (900%)







































????? ? ?????????????????????? ????? ???? ??????????














??????? ??? ???????? ??? ???????????
39 
????? ?????????????????????????????
???? ??? ??? ???
2 
???????? 198?159 159?120 120?80 80?0 
??????? 39 39 40 80 
????????
??????? 11.00 11.83 14.23 14.85 
??? 1.381 1.214 0.841 0.764 
???????
???? 16.6 17.8 21.4 45.4 
???
????
16.3 17.6 21.2 44.9 
55.1 44.9 
3 
???????? 207?139 139?97 97?67 67?0 
??????? 68 42 30 67 
????????
??????? 10.93 11.78 14.44 14.85 
??? 1.396 1.223 0.819 0.764 
???????
???? 28.2 18.7 16.9 37.8 
???
????












??????? ????? ??????????? ????

















187.6 140.7 93.8 46.9 5.58 4.18 2.79 1.39 

















185.2 138.9 92.6 46.3 6.38 4.78 3.19 1.59 
?????????????????? ? ????? ? ??????????????
????????????????????????????????????????
???????????????????????????????? Csf???????




t0:Starting point for 
    self-weight consolidation
t0t0t0
  200cm 
  150cm
  100cm























t0:Starting point for 






































200 150 100 50 
H0f 
(cm) 
192.0 144.0 96.0 48.0 
w0 
(%)
700 700 700 700 
w0f 
(%)
1275 1275 1275 1275 
Hs 
(cm)
10.2 7.6 5.1 2.5 
Hsf 
(cm)
5.6 4.2 2.8 1.4 
Cs 0.201 0.191 0.217 0.209 Csf 0.272 0.272 0.294 0.293 
t0 
(min)
450 360 240 90 
t0f 
(min)
405 305 210 54 
Ht0 
(cm)
43.0 27.0 20.0 14.0 
Ht0f 
(cm)




200 150 100 50 
H0f 
(cm) 
193.3 145.0 96.7 48.3 
w0 
(%)
700 700 700 700 
w0f 
(%)
1115 1115 1115 1115 
Hs 
(cm)
10.2 7.6 5.1 2.5 
Hsf 
(cm)
6.4 4.8 3.2 1.6 
Cs 0.205 0.192 0.213 0.221 Csf 0.277 0.283 0.284 0.262 
t0 
(min)
630 440 310 130 
t0f 
(min)
640 460 205 140 
Ht0 
(cm)
60.0 42.0 28.0 17.0 
Ht0f 
(cm)
45.0 37.0 25.0 16.0 
?????? Csf???????????????????? ? ? Cs ????????
???? ? ? Csf??? ????? ??????? ? ? Csf??? ????? ?????? ? ???
???? ??????? Cs??????????????????????? ????? ????
?????? ? ????? ? ? Csf??????????????Csf?????????
???????
43 







 Sample No.1  50cm
 Sample No.1  100cm









Water content, W0 (%)
 Sample No.2
?????? Csf???????
?????? Ht0f? Hsf??????????h2??? ??? ??????? ??? ???? ?
???????????????????????????? h2???????????


























?????? H't0f ? Hsf??????????????????? ? ????????
??????? ? ???? H't0f? Hsf?????? ? ????????????????
???????? ???????? ??????????? ???? ??????????????
??????????????????????????????? ? ????? ? ??
??H't0f?Hsf?????????????????????????????????????






























 Sample No.1 (600%)
 Sample No.1 (900%)
 Sample No.1 (1200%)














???????????????????????????? H t100? 0tH ??????











???????????????? Hsc ??????????? Hsf ?????Hsf ???










t0? H t0?? t100? H t100???
t'0???? H' t0? Hs
?????
t100???? H t100? Hs
?????
????????
Ss = H' t0 - H t100
t'0???? H' t0? Hs
???????????
H' t0???

































? Hsf???????????Hsf =1 ??? Ht0f ??? h2(t0)????????h2(t0)??
????? 1 ????????? H f ? Hsf?????????????????????
???
sff HthH log)(loglog 02 ??????
sff HthH )( 02 ???????
?????? H f? Hsf????
(d) h2?t100?? Ck???
?????? Ht100f? Hsf????????????????????????????
















???????????????????????????? ff ? plog ???????
???????ff? plog ???????????????????
pCff cf log0 ? ??? ? ? ? ? ????????
???? ff??????????f0???????Cc??????p??????
???Hs? ??? ??????? p1??????????????????
fssfwfssf HGGHp1 ? ??? ???????





















?????? ff? plog ????
???????????? p1????????????Hsf? ??? ??? ff?????Hf




????????? Hss????????????? Rf ??????Hss????????
?????????? Hssf???????????????????? H' t0f ??????















??????????????? Hs ?????????? Hsf ??? Rf ????????
??????????????????????????????? ? ? ? ??????
??????????????????????????????? ?????? ???????
??????Rf ????? ?????? ???????????
?????? ???????????????????????????
????? H0 (cm) 200 150 100 50
??
Hsf (cm) 10.1 7.6 5.0 2.5 
w0f (%) 700 700 700 700
Hs (cm) 10.1 7.6 5.0 2.5 
Rf (%) 100 100 100 100 
??
Hsf (cm) 5.6 4.2 2.8 1.4 
w0f (%) 1275 1275 1275 1275
Hs (cm) 10.2 7.6 5.1 2.5 
Rf (%) 55.1 55.1 55.1 55.1 
??
Hsf (cm) 6.4 4.8 3.2 1.6 
w0f (%) 1115 1115 1115 1115
Hs (cm) 10.2 7.6 5.1 2.5 
Rf (%) 62.8 62.8 62.8 62.8 
(b) ????????????
???????????????????????????????????????









????? H0 (cm) 200 150 100 50
?
Csf 0.217 0.217 0.217 0.217 
Ht0f (cm) 51 40 28 20 
?
Csf 0.272 0.272 0.294 0.293 
Ht0f (cm) 38.0 32.0 16.0 14.0 
?
Csf 0.277 0.283 0.284 0.262 
Ht0f (cm) 45.0 37.0 25.0 16.0 
(c) h2?t0?????
?????? Ht0f? Hsf??????????????????? h2?t0????????































?????? ??????? 1 ??????????????????????
???? ???? ????
h2(t0) 8.7 8.0 8.4 
(d) h2?t100?? Ck????
?????? Ck?t100??h2?t100??p'??? ff??????????????(d) ????
???? Ck?t100?? Hf0f ? Hsf?????? Ck?t0??????????????h2?t100??
????????????????????????????????????????
???????????????? ff?? p ?????????ff ? plog ???????
??????????????????Hsf???? ?? p ???????????????
???ff???????????ff???? h2?t100??????























1 0.159 2.224 0.780 2.224 
2 0.161 2.223 0.950 2.223 





?? Hss ????????Rf ???? Hssf ??????????????? Hssf ?????
??????? ? ? Hssf? ???????????? ? ? Hssf? ??????????? ? ? Hssf
? ????????????
?????? ????????????????????????????
????? 2 3 1 
????? ?
Hr?????
10 10 10 
??????? ?
Gs
2.670 2.670 2.650 
???
w0 % 
700 700 700 
??????? ?
Hss?????
0.508 0.508 0.511 
?????????????
Rf (%)
55.1 62.8 100 
??????????? ?
Hssf?????
0.280 0.319 0.511 
???????? 1 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 70.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf???????????????
780.0
100 224.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
56 
????????????? H't0f ? Ht100f ?????????????????????

























?????? ?? 1 ???? Hf? Hsf????
???????? 2 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 00.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf????????????
950.0
100 223.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
????????????? H't0f ? Ht100f ?????????????????????


























?????? ?? 2 ???? Hf? Hsf????
???????? 3 ???? H't0f? Hsf?????? Ht100f? Hsf??????????
????????H't0f? Hsf????????????
sfft HH 37.80 ?? ? ? ? ? ? ? ? ???????
???Ht100f? Hsf????????????
981.0
100 223.2 sfft HH ? ? ? ? ? ? ? ???????
??????????????????????????? Hsf? Hssf????????
????????????? H't0f ? Ht100f ?????????????????????


























?????? ?? 3 ???? Hf? Hsf????
??????????????????????? H' t0f ? H t100f??????????






(w = 700%) 
????? 2 3 1 
????????????????? 20 40 88 
??????????????
H' t0f ????
2.24 2.67 4.45 
??????????????
H t100f?????
0.53 0.66 0.48 
??????????
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????? ???? ??????????????????????????? ???? ??
??????? ???? ???? ?????????? ??????? ???????? ????
?????? ? ?????? ?? ??????? ???? ??????????? ? ????



















2.695 20 5 1.01 
SM 
??
??2 2.695 45 12 1.33 

















































????????? 4 ???????????? 1 ??? 1 ???? 2 ??? 2 ????
????????????????????????????????????????











???1 700 0.59 0.63 200 4 ?




?? ?? ????? ?? ??
1 2 193 27 222 222 
2 2 145 51 198 420 
3 2 108 70 180 600 




???????? 1 ????????????????????? 2 ????????
????????????? S1?S2??? S3????????????????????
?????????????? S1 ?????????????????????????































































?????????? 1?????? 14 ??????? 2 ?? 45 ??????????
??????????????????????????????(Imai?1980)?????
??????????????????? 2??????? 1????????2????
???????????????????????????? 2 ????? 1 ?????
?????????? 1????????????????????
??????????????????????????? 1 ???????????
???????????????? 2 ??????????????????? 1 ???
??????? 2??????????????????? 1???????????? 2
??????????????????????????????????
































































































????????? 1???? 2?? 3 ???? 4 ????????????????
????????????????????????????????????????
?????????? 1?????????? 23????? 2?? 19?????????
2???????????1?????????????????????????????
????????????????????????????????(Hough, 1957)??
????? 15???????????? 15?~30???????? 1???? 2????
????????????????????????????? 1 ???? 2 ?????
??????????????????????????????????????? 1
?????????? 2????????????????? 2????? 1 ?????
???????????????






  Sample 1
 3 step
 4 step














?????? ???????? 2? 3?4???????????????



















?????????????? 1 ???????? 115 ???????????????
????????? 48?????????????????????????? 2???
????? 56 ???????????????????????? 33 ????????
?????????????????5?~500??????????????????
??????????????????????????????? 3 ???????
??????????? 100cm????????????? 100cm~? 150cm?????


















????? ??? 1?????????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 2.5 25.98 40 32.4 24.05 
0 7.5 26.58 40 37.4 23.77 
0 12.5 27.53 40 42.4 24.21 
0 17.5 26.42 40 47.4 23.37 
0 22.5 24.64 60 3.0 25.72 
0 27.5 25.89 60 8.0 22.87 
0 32.5 27.14 60 13.0 23.62 
0 37.5 28.15 60 18.0 19.60 
0 42.5 26.96 60 23.0 23.20 
0 47.5 19.87 60 28.0 28.61 
20 2.5 26.88 60 33.0 23.62 
20 7.5 27.08 60 38.0 25.56 
20 12.5 28.19 60 43.0 28.43 
20 17.5 28.70 60 48.0 26.75 
20 22.5 24.22 80 5.0 25.50 
20 27.5 27.52 80 10.0 23.62 
20 32.5 25.29 80 15.0 28.22 
20 37.5 26.31 80 20.0 26.04 
20 42.5 24.51 80 25.0 25.46 
20 47.5 24.14 80 30.0 24.78 
40 2.4 29.57 80 35.0 26.99 
40 7.4 24.90 80 40.0 29.86 
40 12.4 22.62 100 4.0 25.85 
40 17.4 27.69 100 9.0 28.03 
40 22.4 22.88 100 14.0 25.03 
40 27.4 26.91 100 19.0 28.77 
74 
????? ??? 1?????????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
100 24.0 24.29 180 26.0 227.87 
100 29.0 30.20 200 1.0 31.83 
100 34.0 31.21 200 6.0 30.15 
120 5.0 26.08 200 11.0 57.29 
120 10.0 27.93 200 16.0 95.62 
120 15.0 23.68 200 21.0 248.85 
120 20.0 26.37 200 26.0 343.33 
120 25.0 39.78 220 1.0 23.76 
120 30.0 40.93 220 6.0 25.14 
140 2.0 26.32 220 11.0 113.32 
140 7.0 29.96 220 16.0 112.97 
140 12.0 56.82 220 21.0 291.30 
140 17.0 30.25 220 26.0 414.30 
140 22.0 98.20 240 1.0 25.00 
140 27.0 85.30 240 6.0 23.97 
160 1.3 26.50 240 11.0 171.47 
160 6.3 26.49 240 16.0 345.46 
160 11.3 46.36 240 21.0 342.00 
160 16.3 66.21 240 26.0 440.00 
160 21.3 97.37 260 0.5 25.14 
160 26.3 120.44 260 5.5 26.84 
180 1.0 20.67 260 10.5 196.54 
180 6.0 41.77 260 15.5 202.00 
180 11.0 42.87 260 20.5 179.00 
180 16.0 77.68 260 25.5 401.99 
180 21.0 139.26 280 0.5 26.80 
75 
????? ??? 1?????????????? (3) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
280 5.5 25.42 300 5.5 27.98 
280 10.5 135.28 300 10.5 253.45 
280 15.5 164.30 300 15.5 337.95 
280 20.5 323.56 300 20.5 418.45 
280 25.5 425.83 300 25.5 410.00 
300 0.5 26.44 - - - 
76 
????? ??? 1??????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 24.58 160 17.5 455.47 
0 35.0 26.54 160 35 439.44 
0 52.5 25.14 160 52.5 505.49 
20 17.5 26.44 180 17.5 278.54 
20 35.0 24.14 180 35.0 255.74 
20 52.5 24.82 180 52.5 246.08 
40 17.5 24.93 200 17.5 469.00 
40 35.0 23.37 200 35.0 345.69 
40 52.5 25.62 200 52.5 291.24 
60 17.5 26.05 220 17.5 374.34 
60 35.0 26.75 220 35.0 388.06 
60 52.5 26.61 220 52.5 442.33 
80 17.5 29.03 240 17.5 447.07 
80 35.0 29.86 240 35.0 462.03 
80 52.5 30.48 240 52.5 301.16 
100 17.5 29.40 260 17.5 273.08 
100 35.0 31.21 260 35.0 239.40 
100 52.5 29.90 260 52.5 270.34 
120 17.5 36.58 280 17.5 266.14 
120 35.0 40.93 280 35.0 244.17 
120 52.5 34.70 280 52.5 175.56 
140 17.5 364.64 300 17.5 279.08 
140 35 315.93 300 35 259.108 






????? ??? 2?????????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 0.0 42.99 120 23.0 37.47 
0 10.0 42.63 150 0.0 34.28 
0 20.0 42.35 150 5.5 38.95 
0 30.0 44.66 150 10.5 39.80 
0 40.0 38.54 150 15.5 50.85 
30 0.0 32.66 150 20.5 136.08 
30 4.0 34.18 180 0.0 54.07 
30 14.0 34.98 180 4.3 75.80 
30 24.0 31.08 180 9.3 84.53 
30 34.0 37.14 180 14.3 112.20 
30 44.0 40.23 180 19.3 112.71 
60 0.0 29.96 210 0.0 73.72 
60 2.7 33.26 210 7.5 82.05 
60 12.7 31.61 210 12.5 107.22 
60 22.7 32.07 210 17.5 137.39 
60 32.7 37.75 240 0.0 79.92 
60 42.7 39.05 240 2.1 92.73 
90 0.0 33.62 240 7.1 61.39 
90 10.0 32.60 240 12.1 121.61 
90 20.0 31.37 240 17.1 461.26 
90 30.0 40.21 270 0.0 89.81 
120 0.0 33.79 270 2.2 88.40 
120 3.0 42.32 270 7.2 92.73 
120 8.0 38.29 270 12.2 109.70 
120 13.0 50.14 270 17.2 133.51 
120 18.0 74.22 300 0.0 94.10 
79 
????? ??? 2?????????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
300 2.0 96.70 300 12.0 120.61 
300 7.0 105.31 300 17.0 131.24 
????? ??? 2??????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 39.59 150 52.5 123.94 
0 35.0 38.54 180 17.5 102.83 
0 52.5 39.68 180 35.0 112.71 
30 17.5 38.41 180 52.5 158.11 
30 35.0 40.23 210 17.5 140.79 
30 52.5 36.31 210 35.0 137.39 
60 17.5 34.72 210 52.5 185.24 
60 35.0 39.05 240 17.5 358.65 
60 52.5 36.86 240 35.0 461.26 
90 17.5 36.53 240 52.5 381.89 
90 35.0 40.21 270 17.5 155.11 
90 52.5 37.15 270 35.0 133.51 
120 17.5 37.86 270 52.5 130.61 
120 35.0 37.47 300 17.5 174.54 
120 52.5 39.82 300 35.0 131.24 
150 17.5 181.09 300 52.5 167.15 



















???? 42 ??????????????????? 2 ?????????56 ????
????????????? 28?????????????
????????? 75?m???????????????????????????
? 3 ????????????????????? 100cm ?????????????




??????????? 1?????? 75?m?????????? 50%??????
?????????? 2???75?m????????????? 1?????????
?????????? A? B???? 75?m?????????? 50%???????
???????? 2 ???????????????????????????????














?????????????????????? 1 ????75?m ??????????
? 10%~? 90%??????? 2????75?m??????????? 40%~? 80%?
????????????????????????????????????
?????? 75?m??????????????????????? 1????75?
m?????????? 20%????????????? 2???????? 40%~? 80%





?? 2 ????75?m ????????????? 80????????????????
??? 1? 75?m??????????? 20%~? 90%??????? 2? 75?m??
????????? 40%~? 90%?????????????????????????
83 
????? ??? 1?????????? 75?m?????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 2.5 11.46 60 33.0 5.31 
0 7.5 22.04 60 38.0 5.80 
0 12.5 11.18 60 43.0 17.02 
0 17.5 8.52 60 48.0 8.25 
0 22.5 8.75 80 5.0 6.38 
0 27.5 7.89 80 10.0 9.23 
0 32.5 12.04 80 15.0 23.84 
0 37.5 12.90 80 20.0 5.06 
0 42.5 11.30 80 25.0 11.04 
0 47.5 11.58 80 30.0 10.49 
40 2.4 18.25 80 35.0 25.45 
40 7.4 8.50 80 40.0 9.48 
40 12.4 15.54 100 4.0 10.47 
40 17.4 16.76 100 9.0 5.27 
40 22.4 7.99 100 14.0 2.35 
40 27.4 15.36 100 19.0 15.68 
40 32.4 20.89 100 24.0 18.03 
40 37.4 10.99 100 29.0 7.33 
40 42.4 15.59 100 34.0 14.89 
40 47.4 15.91 120 5.0 13.63 
60 3.0 8.46 120 10.0 8.99 
60 8.0 34.10 120 15.0 12.25 
60 13.0 7.16 120 20.0 14.73 
60 18.0 23.73 120 25.0 19.97 
60 23.0 20.00 120 30.0 24.31 
60 28.0 16.00 140 2.0 11.92 
84 
????? ??? 1?????????? 75?m?????????? (2)
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
140 7.0 13.82 220 6.0 11.73 
140 12.0 39.61 220 11.0 80.93 
140 17.0 18.81 220 16.0 93.45 
140 22.0 99.72 220 21.0 91.74 
140 27.0 95.13 220 26.0 91.15 
160 1.3 29.68 240 1.0 52.82 
160 6.3 25.02 240 6.0 23.79 
160 11.3 72.94 240 11.0 89.83 
160 16.3 82.76 240 16.0 96.90 
160 21.3 97.58 240 21.0 88.64 
160 26.3 80.99 240 26.0 79.38 
180 1.0 34.33 260 0.5 36.91 
180 6.0 25.47 260 5.5 32.75 
180 11.0 21.36 260 10.5 90.23 
180 16.0 94.32 260 15.5 99.86 
180 21.0 97.61 260 20.5 97.75 
180 26.0 70.44 260 25.5 93.38 
200 1.0 36.34 280 0.5 47.19 
200 6.0 19.77 280 5.5 32.47 
200 11.0 82.83 280 10.5 93.10 
200 16.0 91.64 280 15.5 99.86 
200 21.0 85.07 280 20.5 84.62 
200 26.0 68.75 280 25.5 95.22 
220 1.0 37.17 - - - 
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?????? ??? 1??????? 75?m?????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5 13.19 160 17.5 86.61 
0 35.0 11.58 160 35.0 80.99 
0 52.5 14.90 160 52.5 68.75 
40 17.5 4.56 180 17.5 91.50 
40 35.0 15.91 180 35.0 75.96 
40 52.5 5.14 180 52.5 88.10 
60 17.5 10.40 200 17.5 84.50 
60 35.0 8.25 200 35.0 68.75 
60 52.5 11.04 200 52.5 87.73 
80 17.5 10.02 220 17.5 76.19 
80 35.0 9.48 220 35.0 91.15 
80 52.5 8.49 220 52.5 64.91 
100 17.5 11.28 240 17.5 89.38 
100 35.0 14.89 240 35.0 55.56 
100 52.5 12.54 240 52.5 93.29 
120 17.5 23.04 260 17.5 91.45 
120 35.0 16.77 260 35.0 93.38 
120 52.5 24.31 260 52.5 90.43 
140 17.5 86.32 280 17.5 95.22 
140 35.0 95.13 280 35.0 76.56 
140 52.5 93.29 280 52.5 95.55 
86 
?????? ??? 1?????????? 75?m????????????
?????? ??? 1??????? 75?m????????????
??? ??? ???
87 
?????? ??? 2?????????? 75?m?????????? (1) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
0 0.0  67.26  120 23.0  40.25  
0 10.0  73.28  150 0.0  70.24  
0 20.0  55.97  150 5.5  80.08  
0 30.0  46.16  150 10.5  83.44  
0 40.0  43.94  150 15.5  86.45  
30 0.0  54.58  150 20.5  84.35  
30 4.0  60.94  180 0.0  83.77  
30 14.0  56.58  180 4.3  97.26  
30 24.0  36.76  180 9.3  86.91  
30 34.0  40.50  180 14.3  99.01  
30 44.0  77.81  180 19.3  84.86  
60 0.0  48.09  210 0.0  98.74  
60 2.7  34.13  210 7.5  97.08  
60 12.7  28.21  210 12.5  98.64  
60 22.7  23.36  210 17.5  95.45  
60 32.7  23.15  240 0.0  98.57  
60 42.7  44.57  240 2.1  99.40  
90 0.0  43.66  240 7.1  98.42  
90 10.0  45.22  240 12.1  97.95  
90 20.0  26.81  240 17.1  98.45  
90 30.0  38.67  270 0.0  98.63  
120 0.0  77.69  270 2.2  99.77  
120 3.0  81.33  270 7.2  98.61  
120 8.0  66.55  270 12.2  99.03  
120 13.0  73.11  270 17.2  98.77  
120 18.0  89.93  300 0.0  99.36  
88 
?????? ??? 2?????????? 75?m?????????? (2) 
????(cm) ??(cm) ???(%) ????(cm) ??(cm) ???(%) 
300 2.0  98.85  300 12.0  99.56  
300 7.0  99.59  300 17.0  99.45  
?????? ??? 2??????? 75?m?????????
????(cm) ????(cm) ???(%) ????(cm) ????(cm) ???(%) 
0 17.5  58.73  120 52.5  40.95  
0 35.0  43.94  150 17.5  94.04  
0 52.5  79.56  150 35.0  84.35  
30 17.5  45.92  150 52.5  88.65  
30 35.0  77.81  180 17.5  84.73  
30 52.5  79.56  180 35.0  84.86  
60 17.5  46.79  180 52.5  98.54  
60 35.0  44.57  210 35.0  95.45  
60 52.5  48.38  210 52.5  99.38  
90 17.5  46.79  240 17.5  99.38  
90 35.0  38.67  240 35.0  98.45  
90 52.5  46.74  270 35.0  98.77  
120 17.5  44.67  270 52.5  99.15  
120 35.0  40.25  300 35.0  99.45  
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?????? ??? 2?????????? 75?m????????????








????????? 50%??????????????????????? 1 ??? 2?
???????????????????? 1 ???????????????????
? 46.4%?????????? 2??????? 93.0%??????? 1???? 75?m
?????????? 20%????????????????????????????






























????????? 80%????????????? 5%~? 60%???????????

























































20 0 0.60  60 25 0.60  
20 5 1.22  60 30 0.58  
20 10 0.71  60 35 0.62  
20 15 0.68  60 40 0.58  
20 20 0.50  60 45 0.81  
20 25 0.75  80 0 0.30  
20 30 0.51  80 5 0.39  
20 35 0.54  80 10 0.56  
20 40 0.53  80 15 0.49  
20 45 0.49  80 20 0.50  
40 0 0.50  80 25 0.41  
40 5 0.73  80 30 0.41  
40 10 0.62  80 35 0.41  
40 15 0.70  80 40 0.51  
40 20 1.14  100 0 0.09  
40 25 0.92  100 5 0.20  
40 30 0.95  100 10 0.31  
40 35 1.00  100 15 0.31  
40 40 1.16  100 20 0.46  
40 45 0.94  120 0 0.01  
60 0 0.38  120 5 0.08  
60 5 0.11  120 10 0.11  
60 10 0.34  120 15 0.12  
60 15 0.58  120 20 0.11  
60 20 0.69  140 0 0.01  
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140 5 0.01  220 15 0.00 
140 10 0.08  220 20 0.00 
140 15 0.03  240 0 0.00 
140 20 0.00  240 5 0.00 
160 0 0.00 240 10 0.00 
160 5 0.00 240 15 0.00 
160 10 0.00 240 20 0.00 
160 15 0.00 260 0 0.00 
160 20 0.00 260 5 0.00 
180 0 0.00 260 10 0.00 
180 5 0.00 260 15 0.00 
180 10 0.00 260 20 0.00 
180 15 0.00 280 0 0.00 
180 20 0.00 280 5 0.00 
200 0 0.00 280 10 0.00 
200 5 0.00 280 15 0.00 
200 10 0.00 280 20 0.00 
200 15 0.00 300 0 0.00 
200 20 0.00 300 5 0.00 
220 0 0.00 300 10 0.00 
220 5 0.00 300 15 0.00 
220 10 0.00 300 20 0.00 
94 
?????? ????????????????????(??? 1) 
????????? 1 ?????????????????????????????
???????????????????????????? 15%~35%????????
??? 0.3~1.2 kPa??????????? 35%?????????????? 0.0 kPa
???????????? 35%??????????????????????????































??????? 0%~40%???????????? 0.3~1.2 kPa????????75?m
?????????? 40%???????????????? 0.0 kPa?????????
75?m?????????? 40%?????????????????????????


























?????? ??? 1???? 75?m????????????????????
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?????? ???????????????
????????? 1????????????????????????? E1? E2
???????????????(??????)???????????????????
??????????????????????????????????????? 1


































?????????????????????? E1 ?????????????? E1 ?
???? P1 ????E2?????????????? E2????? P3 ???????
??????E1?????????????? 7 kPa???????????? 5 kPa?
???E2?????????????? 3 kPa???????????? 0.5 kPa???
??
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1 222 LLLLHCHL R ??????
??? L?????????????????
tan)12(








????????????????? 700%???????? 0.63 m3?? 4??????
??????????????? 2.52 m3?????????? 1???? 2??????
????0.65 m3? 0.69 m3????????????????????????????
???????? 1?? 0.258?????? 2?? 0.274????
105 
?????? ???????????
??? ???? (m3) 
???
?? (m3) ?? RD
??? 1 2.52 0.65 0.258 









?? (m3) ?? (m3) ? CR
??? 1 0.65 0.35 0.54 
??? 2 0.69 0.05 0.07 
(c) ???????????
???????????????????????????????? 1 ??????













??? 1 20 23 0.424 10 47 5783 




























????????????? L ???????????L ? 15.5m ??????????
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  Criteria of Sand Mat
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?????????????????????????????????? P1 ? 1 ???
??????? P2~P4 ? 3 ????? 4 ???????????????????? E1
? 1 ????????? E2 ? 1 ????????????? E3 ? 1 ????? 3 ???
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?? 1.42 cm ??????????? S-1 ??? S-3 ??????????????? 1.05 
cm ???????????????????????????????????????
????????????????????????????????????????
?????????????????????S-1 ? S-3 ???????????????
??????????????????????????????????



































????????? P-3 ?? 1.6kPa ????????????????????????
?????????400 ??????? 0.6~0.4kPa ??????????P-2?4 ????
???????????????????????P-2~4 ???????????????
????????????????????????????????????????
?????????????????P3 ????P2 ? P4 ??????????????
??????????????????????????????


























????? 1 ??????????????????????????P-3 ??????






























????? 2 ?????????????????????????????P-3 ???
???????? 1.6kPa ?????????????????????????????
? P2~P4 ????????????? 0.5kPa ???????????????????
??????????????????????????????????? 1 ????
?????????????????


























????? 3 ????????????????????????????? P-3 ??
????????? 2.6kPa ???P-2 ??? 4 ???????? 2.0kPa ???????
????????????????????????3000 ??????????????
????????????????????????1 ???????? 2 ???????
????????????????????????????????????????
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 a = 10cm
 a = 20cm
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 L = 200cm
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Predicted total settlements in 10 and 40 years 
Predicted differential settlements in 40 years
????? ????????(Hsi, 2007)
Mesri ?(2001)????????????????????????????????



















































? ? ? ? ? ? ? ? ?? ???????
????S ??????e0? tl????????H0?????????????????












??? XRD(X-ray Diffraction)??? SEM(Scanning Electron Microscope)??????
???????????????????, ???,? ?????????????????
Si, O, Fe, Al, K, Mg, Na?????????????? 65.4?78.2%???? 8?25.6%?

































































































































78.5kPa ????????????? 1.0????????????? 24 ???????
????????????????????78.5kPa????????157kPa?????
????????????????????????????????????????












?????kPa? 9.8, 19.6, 39,2, 78.5 157.0 
???? 157kPa ??????????????????
?????kPa?
ILT-1 ILT-2 ILT-3 ILT-4 ILT-5 











CRS-2 ?? CRS-5 ? 4 ?????????????????????????????












CRS-1 CRS-2 CRS-3 CRS-4 CRS-5 






































?????? Mesri ?(1987)????????????????????? Cc????




?????????????? C?? Cc??????????C?? Cc????????
??????????? 0.033 ???????? Mesri ?(1987)???????????
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???????? ??? ???????? ?????????? ??? ??? ??? ??????
????????????????????????????? 157kPa ??? 78kPa ?










? CRS-5 ?????????????????????????????? C'?? 0.036
??????????ILT-5 ???? C'?? 0.014 ?????????CRS-5 ???? C'?







































C'  = 0.014


























CRSIL COCRC /00338.000469.0 ? ? ? ? ? ? ? ??????
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